Field research was conducted for 2 years to determine the effects of N and S sources and rates on stockpiled tall fescue (Festuca arundinacea Schreb.) forage yield, quality, and mineral concentrations at different autumn harvest dates and a forage harvest the following spring. High lysine fertilizer (HLF), which contains approximately 6% total N and SO 4 , produced dry matter (DM) yields similar to NH 4 NO 3 when combining the autumn stockpiled yield with a harvest the following spring. However, NH 4 NO 3 produced more stockpiled forage than HLF in 1 of 2 years. Combining autumn and spring harvests, each pound of fertilizer N increased forage yield by 24.8 to 27.5 lb DM during the 2-year study period. Adding N increased forage quality, regardless of the N source. But adding S did not improve forage quality or DM yield. Tall fescue harvested in late October or early November compared to early October had greater DM yield in 1 of 2 years (9%) and lower crude protein and in vitro dry matter digestibility (IVDMD) both years. Growers deciding between N sources should base their decisions on forage supply and cost because cumulative performance of tall fescue using both N sources was similar.
Introduction
Late summer growth of tall fescue is often allowed to accumulate for autumn and early-winter grazing in the Midwest. Application of fertilizer N increases DM yield and improves forage quality of stockpiled tall fescue (6, 7, 12, 14) . High lysine fertilizer is a manufacturing byproduct of crystallized lysine production that contains approximately 6% total N and SO 4 . About 20% of the total N is in organic forms, which is not immediately available for plant uptake and requires microbial breakdown and conversion to plant available forms. This organic nitrogen is less susceptible to leaching and should be released for plant use over a longer period compared to commercial fertilizers such as NH 4 NO 3 and urea.
Generally, fertilization with S has not increased forage yields, probably because of indirect S inputs from rainfall and soil S content. Buchholz and Whitney (4) reported that crop response to sulfur was likely in Kansas on soils with less than 2.6% organic matter. Sweeney and Moyer (17) reported that the addition of S fertilizer up to 30 lb/acre had little effect on spring tall fescue DM yields. Nevertheless, S has been reported to decrease lignification and improve fiber digestibility of some forages, but the results have been inconsistent and have varied with forage species (11) .
Sulfur fertilization decreased lignin concentration and increased fiber digestibility in sorghum (1) . However, Sweeney and Moyer (17) reported that applying S at 15 or 30 lb/acre did not affect concentrations of neutral detergent fiber (NDF) or IVDMD in tall fescue when harvested in the spring as hay in Kansas. Because HLF contains a significant quantity of sulfur, it is possible that fertilization of tall fescue with HLF may have a positive impact on stockpiled forage quality. The objectives of this experiment were to evaluate the effects of rates in 2004. Fertilizer treatments affected forage yields similarly at each autumn harvest date so treatment responses were averaged over harvest date. Dry matter yield of the second harvest was 8% greater than that for the first harvest in 2003 (1342 vs. 1458 lb DM/acre), averaged over fertilizer treatments. No difference in harvest date was detected in 2004 for forage yield (P = 0.222), probably because of the below-normal rainfall in September and October. The HLF and NH 4 NO 3 had similar yields in the harvest made the following spring (Fig. 3) , except at the 46-lb/acre N rate in 2004. In 2005, NH 4 NO 3 yielded higher than HLF when at least 46 lb of N per acre was applied the previous summer. At the 91-lb/acre N rate, NH 4 NO 3 yielded 13% greater than the HLF. The potentially greater carry-over N mineralized from the organic N component of HLF was not apparent during the study period. Cogger et al. (5) reported that the apparent N recovery for tall fescue from biosolid application increased dramatically after a second application. The lack of a residual response to one HLF application demonstrates that the organic component of this by-product does not contain recalcitrant organic material that would be released over a longer time period. Although forage yield did not differ by harvest date in autumn of 2004, the spring harvest was greater when tall fescue was harvested early compared to late (1849 vs. 1622 lb DM per acre), when yields were averaged across fertilizer treatment.
There was no difference between HLF and NH 4 NO 3 for total DM yield combined over autumn and spring harvests (Fig. 4) 
Nitrogen and Sulfur Constituents
There was a significant year by treatment by date interaction for ammonium and nitrate-N, but not for total N (Table 1) . Averaged across harvest date, total N concentration increased with N fertilization rate and did not differ between N sources in 2003 (1.77, 2.01, and 2.41% for the 23-, 46-, and 91-lb/acre N rates, respectively). In 2004, HLF and NH 4 NO 3 had similar total N at the 23-and 46-lb/acre N rates (1.66 and 1.86%, respectively), but NH 4 NO 3 had greater total N than HLF at the 91-lb/acre N rate (2.36 vs. 1.98%). There was also a tendency for total N to decrease at the late compared to early harvest date (P = 0.052).
Ammonium concentration increased as N rate increased for the early harvest date in 2003. In 2004, tall fescue DM in the HLF and NH 4 NO 3 treatments had similar ammonium concentrations at all N rates except at 91 lb/acre in the early harvest, and N rate had a less consistent effect on ammonium concentrations except for NH 4 NO 3 at the 91-lb/acre N rate for both harvests. Nitrate-N concentration was higher when N at 91 lb/acre was applied as either HLF or NH 4 NO 3 in 2003 for the first harvest, indicating that more N was available than could be metabolized. In both years at the early harvest, forage receiving NH 4 NO 3 had higher nitrate-N concentrations than HLF at the 91-lb/acre N rate. The concentration of nitrate-N in the forage did not pose a threat for acute nitrate toxicity for grazing livestock for any treatment (3). Sulfur concentrations exhibited year by treatment and treatment by date interactions. At the early harvest date in 2003 and 2004, adding S at 80 lb/acre in HLF increased sulfur concentration compared to the 20-lb/acre S rate, but no differences were detected between the lower two rates or the upper two rates of HLF. The 20-lb/acre S rate of HLF increased forage sulfur concentration above the control in both harvests in 2004, but only the early harvest in 2003. Sulfur concentration of forage receiving HLF was greater than that in forages receiving NH 4 NO 3 at all fertilizer rates in the early harvest of both years. Calcium sulfate application increased the S concentration in the early harvest compared to the control when at least 40 lb of S per acre was applied, but had no effect in the late harvest of 2003 compared to the control. In 2004, CaSO 4 increased S concentration up to the 40-lb/acre S rate in the early harvest but S rate had no effect on S concentration in the late harvest. Only the 80-lb/acre S rate of HLF increased S concentration in the late harvest of 2003. No differences in S concentration were detected for NH 4 NO 3 at the late harvest in either year or HLF in 2004.
Forage Quality
Fertilization with HLF and NH 4 NO 3 increased forage quality compared to the control (Table 2 ). Forage fertilized with HLF and NH 4 NO 3 had similar IVDMD at each fertilizer rate, averaged across year (Table 2) . Digestibility only increased after applying HLF at the highest rate, whereas higher digestibility was detected by applying N at 46 lb/acre as NH 4 NO 3 . Averaged across N source and rate, IVDMD increased 8% compared to the control treatment. Crude protein concentration was increased by N fertilization. Increases were similar for both N sources, except for the 46-lb/acre N rate in HLF in 2004 and the 91-lb/acre N rate in HLF both years, which was lower than the same rate using NH 4 NO 3 ( Table 2 ). Application of HLF and NH 4 NO 3 lowered NDF concentration compared to the control (Table 2 ), but generally no additional benefit for reducing NDF was derived above an N rate of 46 lb/acre. Dry matter intake of forage by grazing livestock is inversely related to NDF concentration. Animals grazing tall fescue fertilized with HLF or NH 4 NO 3 would be expected to consume greater amounts of forage and perform better than those grazing unfertilized pasture. Crude protein and IVDMD were lower in forage harvested at the later date.
Sulfur fertilization with CaSO 4 had no effect on forage quality, averaged across year. Improvements in digestibility related to S fertilization of other forage species have sometimes been attributed to increasing S concentrations above levels required for microbial growth in the rumen (10) . The dietary requirement for S is 0.15% for beef cattle (13) . Although concentrations of S in the forage were affected by fertilization with HLF, S concentrations for all treatments were above 0.15% (Table 1) . Table 2 . In vitro dry matter digestibility (IVDMD), crude protein (CP), neutral detergent fiber (NDF), and ash concentration as a percent of dry matter (DM) of stockpiled tall fescue fertilized with high lysine fertilizer (HLF), ammonium nitrate, and calcium sulfate harvested early and late near Ames, IA.
x LSD compares treatment and year by treatment means. y LSD compares harvest date and year by date means. NS = not significant. 
Mineral Composition
Nitrogen fertilization had no effect on P concentration of the forage, but CaSO 4 fertilization increased it by as much as 376 ppm in 2003 (Table 3) . Potassium concentration increased with N fertilization and there was no difference due to N source. Sulfur fertilization had no effect on K concentration. Averaged across year and harvest date, calcium concentration decreased with 91 lb of N per acre, regardless of the N source, compared to N application at 23 and 46 lb/acre. Calcium concentration was unaffected by S fertilization. Magnesium concentration was not affected by fertilizer treatment. Forage sodium concentration was only increased with the highest HLF application in 2003 compared to the control. Averaged across year and harvest date, applying N at 46 or 91 lb/acre as HLF increased the Cl concentration of the forage compared to the same N rates applied as NH 4 NO 3 . Mineral concentrations were typical of those found in cool-season grasses (15) and, with the exception of Na, were adequate to meet the dietary requirements of grazing livestock (18) . The main effect of harvest date was significant for P concentration, which declined at the late harvest date. All other mineral concentrations exhibited year by date interactions that also declined at the late harvest date, except for Ca, which increased. 
Summary
High lysine fertilizer provided similar total forage DM yield and forage quality as the equivalent N rate using NH 4 NO 3 . Using NH 4 NO 3 may provide greater autumn yield, but both sources had similar yield when combining the autumn stockpiled and a spring forage harvest. Each pound of fertilizer N resulted in a yield increase of between 24.8 and 27.5 lb DM during the 2-year study period. The addition of S had no benefit on forage quality or DM yield in this study. Growers deciding between N sources should base their decisions on forage supply and cost because cumulative performance of tall fescue using both N sources was similar.
Disclaimer
Mention of trade names or commercial products is solely for the purpose of providing specific information and does not imply recommendation or endorsement by the United States Department of Agriculture.
